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TITLE OF THE INVENTION 

FRICTION MATERIAL AND ITS MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

This invention relates to a firiction material for a friction clutch device that has 
a single firiction plate or a plurality of friction plates for use in an automatic 
transmission of an automobile^ a transmission of a motorcycle or the like, and to its 
manufacturing method. 

10 

DESCRIPTION OF THE RELATED AJRT 

A wet friction clutch such as a multiplate clutch has one or a plurality of wet 
friction plates that are used in a lubricant. There are wet friction plates that are 
made of a sintered alloy; a carbon or a cork. Still, a paper wet friction plate is 

15 called as ''a paper friction material"* and is commonly used. 

In manufactxnring the paper wet friction material, a paper body is made of a 
substrate fiber such as a pulp or an aramid fiber and a filler such as a firiction 
acBuster or a base filler. Next, the paper body is impregnated with a resin binder 
made of a thermosetting resin. ' Then, the paper body is heated to cure or harden 

20 the resin binder, thereby resulting in the paper wet friction material Such paper 
wet friction material is advantageous because it is lightweight and cheap. 
Moreover, the paper wet friction material is made of a porous material and 
relativeb^ rich in elasticity with resultant high oil absorbency Pxirthermore, the 
paper wet friction material is excellent in heat resistance, abrasion resistance and 

25 the like. 
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A resin existing niear a Motion sixrface of the firiction material is one of factors 
that determine the heat resistance (particularly a heat spot resistance) of the 
Mction materiaL If an amount of the resin near the firiction surface is large, the 
Motion material becomes hard and the heat resistance is lowered. Thus, it is 
5 thought that it is desirahle for the resin amount to be smalL 

However, if the total resin amount in the Motion material is reduced so as to 
decreetse the resin amount near the Motion surface^ it is impossible to maintain 
strength reqiiired for the Mction materiaL Therefore, a minimum amount of resin 
is mixed into the Mction material so as to balance the heat resistance and the 
10 strength. 

Still, it is indispensable to remove the resin at the Mction surface in order to 
achieve an ultrahigh heat resistance required for the Mction material in these 
years. As a means to solve such problem, a post-treatment process such as a 
surface 2>oHshing or a high heat resin degradation (heat shearing) is added to 
15 improve the heat resistance. 

However^ if such post-treatment process is added, the costs increase. 
Moreover, there take place adverse effects in case of the post-treatment process. 
That is. if the surface polishing is adopted, the Mction face of the Mction material 
becomes rough or fuz2y so as to increase a drag torque. On other hand, if the heat 
20 shearing is adopted, even an inside of the Motion material reaches a high 
temperature so as to cause deterioration of strength or the. like. Thus, it is very 
hard at present to attain goals recently required for the Motion material such as the 
low costs and the ultrahigh heat resistance. 

25 BRIEF SUMMARY OF THE INVENTION 
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An object of HiB pre&ent invention i& to provide a friction materidl at low co&ts 
that has an ultrahigh heat resistance without deterioration of strength and to 
provide a manufacturing method of such friction materiaL 

According to a first aspect of the invention, there is provided a friction 
5 material comprising: a friction surface; a non-frictiion surfiaoe located opposite to the 
friction surface; and a resin contained in the friction materiaL A distribution of an 
amount of the resin in a thickness direction from a side of the friction siirface to a 
side of the non-friction surface of the friction material is made lower at a portion 
near the friction surface than a portion having a highest amount of the resin in the 
10 thickness direction. 

Therefore, the resin amount at the portion near the friction surface becomes 
lower than that of an inside of the friction material or the portion near the non- 
friction surface. Consequentiy, the friction material is improved veiy much in a 
heat resistance and a heat spot resistance, thereby becoming ultrahigh heart 
15 resistant. Morecrver, a resin amount distribution in the thickness direction of the 
friction material is determixxed by a drying step of the friction material. Therefore, 
a post-treatment process is unnecessary. Consequently, the friction material can 
be ultrahigh heat resistant at low costs without deterioration of strength. 

The amount of the resin of the friction material may be made about 5% or 
20 more lower at the side of the friction surface than at the side of the non-friction 
surface. 

In this case, the resin amoimt becomes lower at the portion near the friction 
surface than at the portion near the non-frictdon surface. 

The amount of the resin of the friction material may be made about 5% or 
25 more lower at the side of the friction surface than at an inside of the friction 
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material 

In thia case, the resin amount becomes lower at the portion near the friction 
surface than at the inside of the friction surface. 

The distribution of the amoimt of the resin of the friction material may change 
5 in a continuous manner. 

la this case, since the resin amount distribution changes continuously, no 
mechanical stress is concentrated on a specific part. 

The distribution of the amount of the resin of the friction material may change 
in a discontinuous manner. 
10 In this case, the resin amount distribution in the thickness direction can be 

determined by an overlapping. Consequently, the friction material is improved 
very much in the heat resistance and the heat spot resistance at desired low costs. 

The distribution of the amount of the resin of the friction material may be 
formed by impregnation of the resin. 
13 In this case, if a temperature at the friction surface is decreased and a 

temperature at the non-friction sxurface is increased in a drying step after the resin 
is impregnated, the reain in the friction material has such a characteristic as to 
move from a low temperature part to a high temperature part while led by a solvent 
that moves toward the high temperature part so as to be dried. Consequently, the 
20 resin amoxmt distribution in the thickness direction becomes the highest at the 
portion near the non-friction surface and the lowest at the portion near the friction 
surface. 

The distribution of the amount of the resin of the friction material may be 
made about 1% or more lower at the side of the friction surface than an average rate 
25 of the resin in the friction material. 
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In this case» the resin amount becomes lower at the portion near the friction 
surface than at the inside of the friction siirface or at the portion near the non- 
friction surface. 

The distribution of the amount of the resin may change tVfro-dimensionaUy in a 
5 width direction and the thickness direction of the friction material when the friction 
material is cut along a largest length. 

In this case, the friction material can obtain a mechanical strength 
corresponding to a load direction, thereby having stable strength. 

The two-dimensional change in the distribution of the amount of the resin 
10 may be such that the distribution of the amoimt of the resin is made higher at an 
outer peripheral portion than at a central portion of the friction materiaL 

In this case, the friction material can obtain a mechanical strength 
corresponding to a couple direction in which a load becomes large> thereby having 
stable strength. 

15 According to a second aspect of the invention, there is provided a 

manufacturing method 6£ a friction material comprising, the steps of; making a resin 
contained in the friction material; and drying the friction materiaL The drying 
step includes a step for making low a temperature at one surface of the friction 
material and/or making high a temperature at another surface of the friction 

20 material. 

Therefore, the resin in the friction material has such a characteristic as to 
move from a low temperatxure part to a high temperature part while led by a solvent 
that moves toward the high temperature part so as to be dried. CTonsequently, the 
resin amount distribution in the thickness direction becomes the lowest at the 
25 portion near the one surface. Thus, the friction material becomes xdtrahigh heat 
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resiatant. Moreover, the manufsicturiAg method forms a preferable resin amount 
distribution in the drying step that the conventional art adopts except a 
characteristic feature of the invention. Consequently, it is unnecessary to add 
steps^ so that it can be practiced at low costs. 

The drying step may farther include a step for rotating the friction material in 
drying at a predetermined temperature condition so as to make a distribution of an 
amount of the resin higher at an outer peripheral portion of the friction material by 
a centrifugal force in rotating. 

In this case, the fidction material can obtain a mechEuiical strength 
corresponding to a couple direction in which a load becomes large, thereby having 
stable strength. 

According to a third aspect of the invention, there is provided a manufacturing 
method of a firiction material comprising the steps at making a resin contained in 
the firiction material; and drying the friction material The drying step may 
include steps for drying two friction materials with friction surfaces thereof 
overlapped with each other and then hardening the friction materials at a high 
temperature while separating the friction materials or keeping the fraction 
materials overlapped. 

Therefore, a solvent does not dry from the friction surfaces that are faced with 
each other. Rathei; the solvent dries fi^m the non-friction surface that is located 
outside. Then, the resin in the firiction material moves while dragged by the 
solvent. Thus, a resin amount distribution in a thickness direction becomes the 
highest at a portion near the non-friction surface and the lowest at the portion nesur 
the firiction surface. Consequently, the friction material becomes ultrahigh heat 
resistant. Moreover, the manufacturing method forme a preferable resin amount 



distadbution in the drying step that the conventional art adopts except a 
dbtaracteristic feature of the invention. Consequently^ it is unneoessary to add 
steps> so that it can be practiced at low costs. 

The drying step may further include a step for rotating the firiction material in 
5 drying at a predetermined temperature condition so as to make a distxihution of an 
amount of the resin higher at an outer per^heral portion of the firiction material by 
a centrifiigal force in rotating. 

According to a fourth aspect of the invention, there is provided a 
manufacturing method of a Action material comprising the steps o£ making two or 

10 more friction materials containing a different amount of a resin; and overlapping 
the fidctlon materials so as to join the firiction materials into one body before 
finishing dxying of at least one of the friction materials containing the different 
amount of the resin. 

Therefore^ a plurality of friction materials that has a desired resin amoimt 

15 and that is dried appropriately are joined to make the resin amount distribution in 
the thickness direction the highest at the portion near the non**firiction surfrice and 
the lowest at the portion near the firiction sur&ce« Thus, the firiction material 
becomes ultrahigh heat resistant. For example, the firiction materials are joined 
into one body during the drying step in which they are dried to a certain or 

20 appropriate degree. 

The drying step may further include a step for rotating the fiiction material in 
drying at a predetermined temperature condition so as to make a distribution of an 
amount of the resin higher at an outer peripheral portion of the fiiction material by 
a centrifugal force in rotating. 

25 According to a fifth aspect of the invention, there is provided a manufacturing 
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method of a friction material comprismg tlie steps of: impregnatiiig a resin in a 
friction material; and drying the frictaon materiaL The impregnating step included 
a step for impregnating resins having different viscosities in a front sxirface and a 
rear surface of the friction material, and the drying step includes a step for drying 
5 the friction material at a predetermined temperature condition while locating 
downward a side of the friction material at which the resin having a larger viscosity 
is contained. 

Therefore, in case the predetermined temperature condition and the viscosity 
have a certain relation, namely, in case the temperatxxre is low and the viscosity is 

10 high, a resin amount distribution in a thickness direction frxim a friction sur&ce 
side to a non-friction surface side of the friction material can be made lower at a 
portion near the friction surface than at a portioii having a highest resin amount in 
the thickness direction. 

The drying step may further include a step for rotating the friction material in 

15 drying at the predetermined temperature condition so as to make a distribution of 
an amount of the resin higher at an outer peripheral portion of the friction material 
by a centrifugal force in rotating. 

According to a sixth aspect of the invention, there is provided a manxzfricturing 
method of a frictaon material comprising the steps ofc impregnating a resin in a 

20 friction material; and drying the friction material. The impregnating step includes 
a step for impregnating an additional resin on one surface of the friction material, 
and the drying step includes a step for drying the friction material at a 
predetermined temperature condition while locating outside a side of the friction 
material in which the additional resin is impregnated and giving a centrifugal force 

25 to the friction material in a thickness of the friction materiaL 
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Therefore, a resin amount distribution in a thickness direction from a friction 
Bur&ce side, in which the additional resin is impregnated, to a non-friction sur&ce 
side of the friction material can be made lower at a portion near the friction surface 
than at a portion having a highest resin amount in the thickness direction. 
5 The drying step may further include a step for rotating the friction material in 

drsring at the predetermined temperature condition so as to make a distribution of 
an amount of the resin higher at an outer peripheral portion of the friction material 
by a centrifugal force in rotating. 

Further objects and advantages of the invention will be apparent from the 
10 following description, re&rence being had to the accompanying drawings, wherein 
preferred embodiments of the invention are clearly shown. 

BRIEF DESCBIFnON OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 is a graph showing a distribution of a resin amount in a thickness 
15 direction of a lining portion of a friction material unit according to an embodiment 
and its modifications of the invention. 

Pig. 2 is a graph comparing a heat spot resistance of the friction material 
according to the embodiment of the invention and that of a conventional materiaL 
Fig. 3 is a graph comparing a /z-V positive inclination characteristic of the 
20 friction material of the embodiment and that of the conventional materiaL 

Fig. 4 is a graph comparing an initial property of the friction material of the 
embodiment and that of the conventional materiaL 

Fig. 5 is an explanatory drawing showing a specific example of the 
manufacturing method of the friction material according to the embodiment of the 
25 invention. 
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Fig. 6 is an explanatory drawing showing another specific example of the 
manufacturing method of the friction material according to. the embodiment of the 
invention. 

DETAIUBD DESCRIPTION OF THE INVENTION 

One embodiment of the invention is described hereunder referring to Fig. 1 to 
Pig. 4. 

Pig. 1 i© a graph showing a distribution of a resin amount in a thickness 
direction of a lining portion of a friction material unit according to an embodiment 
and its modifications of the invention. Fig. 2 is a graph comparing a heat spot 
resistance of the friction material according to the embodiment of the invention and 
that of a conventional material Pig, 3 is a graph comparing a /a-V positive 
inclination characteristic of the friction material of the embodiment and that of the 
conventional material Pig. 4 is a graph comparing an initial property of the 
friction material of the embodiment and that of the conventional materiaL 

A friction material as a raw material of a friction, material unit according to 
the present embodiment is a resin impregnated friction materiaL The present 
embodiment of the friction material can be manufactured by a variety of 
manufacturing methods. 

For example, a first manufiacturing method of the present embodiment of the 
friction material has a drying step of the fidction materiaL In the drying step, a 
temperature at a friction surface of the friction material is kept low, while a 
temperature of an opposite surfece (non-fiiction sur&ce) being kept high. A resin 
in the friction material has a characteristic or tends to move from a low temperature 
portion to a high temperature portion by trailing behind a solvent that moves to the 
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high temperature portion fio as to be dried. Therefore, a distribution of a resin 
amount in a thickness direction is the highest at a portion near the non-£dction 
surface while being the lowest at a portion near the friction surface. 

According to a second manufacturing method of the present embodiment of 
5 the friction material, friction sur&ces of two friction materials are faced and 
overlapped with each other and naturally dried thereafter for twenty-four hours or 
more as they are. Then, the dried two pieces of the friction materials are cured or 
hardened at a high temperature while being separated from each other or being 
kept overlapped as they are. In this case, the solvent does not dry from the faced 

10 friction surfaces of the tw6 friction materials but dries from the non-friction 
surfaces that are disposed outside. Consequently, the distribution of the resin 
amount in the thickness direction is the highest at the portion near the non-friction 
surface while being the lowest at the portion near the friction surface, as in the first 
manufactxiring method. 

15 Fig. 1 show respectively the distribution of the resin amount in the thickness 

direction in the friction materials "Aa" and "Ab" made by the first and the second 
manufacturing methods. As shown in Pig. 1, in the friction materials "Aa** and 
**Ab", the distribution of the resin amount in the thickness direction is the highest at 
the portion near the non-friction sxirface. The distribution of the resin amount 

20 decreases as it goes towards inside. Then, the distribution of the resin amount is 
the lowest at the portion near the friction surface. The friction material having 
such distribution of the resin amount has an excellent property as the friction 
material starting with a heat spot resistance mentioned below. 

In a first modification "B** of a fiiction material of the present embodiment, the 

2d distribution of the resin amount is not the lowest at the portion near the friction 



I 



-11- 



surEace. However, the disteibution of the resin amount is lower at the portion near 
the friction surface than the other portion such as the portion ne^ir the non-firiction 
surface. In a second and a third modifications **C** and "D*' of friction materials of 
the present embodiment^ the distribution of the resin amount is lower at the portion 
5 near the fidction sur&ce, though the distribution is not so smooth as seen in the 
distribution in the embodiments ''Aa" and *•Ab^ In those cases, the Sciction 
materials show excellent heat spot resistance, too. 

Next, a test for a heat spot resistance was carried out for a specific example of 
a jQdction material according to the present embodiment of the invention and a 

10 conventional friction material as a comparison example. The specific example cxf 
the friction material was manufactitred as follows. First, two of the above 
described friction materials according to the embodiment or modifications were 
overlapped on each other while the friction surfaces are face with each other. Then, 
the two friction materials were naturally dried for twenly-foiir hom-s or more while 

15 they are kept overlapped. Thereafter, the resin in the friction materials was 
completely hardened at a temperature of 200*0 for one hour. Then, the friction 
materials were stuck to a core metal on which an adhesive was coated so as to 
obtain the friction material of the specific example. Thereafter, the heat spot 
resistance test was carried out on the speci&c example of the friction material 

20 according to the present embodiment and the comparison example of the 
conventional friction materiaL The heat spot resistance test is a test in which a 
friction material is pressingly fitted to an iron material and rotated while it is 
measured how many times the friction material rotates until a scorch (heat spot) is 
generated first on a surface of the iron material Thus, the heat resistance of the 

25 friction material is evaluated. 
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Ae a test mflft hine , SA£#2 tester was used. The evaluation was carried out 
under a condition of a rotating speed of 7800rpin, an inertia amount of 0.086kg • m2, 
a face pressure of 785kPa and an oil amount of 180ml/min. A test result is shown 
in Fig. 2. It is seen that the heat spot resistance of the present embodiment of the 
5 friction material improves up to almost fifteen times as large as that of the 
conventional friction material. 

Next, a /^-V positive inclination characteristic was tested on the present 
embodiment of the fidction material while compared with the conventional friction 
material A test result is shown in Fig. 3. No U -V positive inclination 
10 characteristic was confirmed on the conventional friction mateziaL On the other 
hand, an outstanding u -V positive indination characteristic is confirmed on the 
present embodiment of the friction material. Thus, since the resin amount at the 
portion near the friction auxfacie is low in the friction material according to the 
present embodiment, an actual driving jGseling improves such as a clutch property or 
15 AU-Y positive inclination characteristic. 

Next, an initial property was tested on the present embodiment of the friction 
material while compared with the conventional friction material. A test result is 
shown in Fig. 4. It is well seen that the present embodiment of the friction 
material improves in the initial property far better than the conventional friction 
20 material. Thus, since the resin amount at the portion near the frict^n surface is 
low in the friction material according to the present embodiment^ the initial 
property improves. Therefore, it is possible to stabilize a performance of an AT 
* (automatic transmission) from an initial stage. 

As described above, in the present embodiment of the friction material, the 
25 distribution of the resin amount in the thickness direction at a lining portion is 
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lower at the portion near the firiction surface than at a portion that had a highest 
distribution of a resin amount. For example, in the resin impregnated firiction 
material, the drying is carried out so as to make low the temperature at the friction 
surface of the firiction material and make high the temperat\ire at the non-friction 
5 surface. Thus, the distnbution of the resin amount in the thickness direction of 
the lining portion of the firiction material xuiit becomes lower at the portion near the 
fidction siurfaoe than at the portion that has the highest distribution of the resin 
amount. That is, the resin amount at the portion near the friction surface is lower 
than the inside of the firiction material or the portion near the non-fidction sur&ce. 
10 Consequently, the heat resistance and the heat spot resistance improves very much. 
Thus, the present embodiment of the firiction material becomes ultra-high heat 
resistant. 

Moreover, the distribution of the resiD amount in the thickness direction of the 
firiction material is determined by the drying step of the firiction material. Then^ it 

15 is unnecessary to carry out a post-treatment process. Consequently, it is possible 
to provide a friction material of idtra-high heat resistance at low costs without any 
deterioration of the strength. Furthermore^ since the resin amount near the 
firiction Bur&ce is less, the clutch property, the u -V positive inclination 
characteristic and the actual driving feeling improve. In addition, since the resin 

S&O amount near the firiction surface is less^ the initial property improves. Therefore, 
the performance of the AT is made stable from the initial stage. 

The "portion near the friction sw&ce'' means a portion or a range that has a 
depth of about 10% from the friction surface in relation to the overall thickness of 
the firiction material. Moreover, a **re3in rate** is defined to mean a ''resin amount 

25 per a ujoit volume". Thus, it can be defiuaed that, in the present embodiment of the 
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firiction material, an average resin rate within the range having a depth of ahout 
10% from the firiction surface in relation to the overall thickness of the friction 
material is lower than an average reein rate of the entire friction material The 
same results are obtained if it is defined that an average resin rate within a range 
5 having a depth of ahout 5% from the friction surface in relation to the overall 
thickness of the friction material is lower than the average resin rate of the entire 
friction material According to expeiiments of the inventors of the present 
application, it was conJQLrxned that an average resin rate within a range having a 
depth of about 40% from the friction surface in relation to the overall thickness of 

10 the friction material is lower than the average resin rate of the entire friction 
materiaL However, as ju(^ed from a propert;y shown in Fig. 1, it is estimated that 
an avers^e resin rate within a range having a depth a little lai^r than about 40% 
from the friction surface in relation to the overall thickness of the friction material 
is lower than the average resin rate of the entire friction material. 

16 In Uie present embodiment of the friction material unit, the friction materials 

shown by "Aa", "Ab". "CT and "D" of Fig. 1 have the lowest resin amount distributioix 
in. the thickness direction at the portions near the friction 8ur&ces» respectively: 
The above-mentioned effects are obtained if the resin amount distribution in the 
thickness direction of the lining portion of the friction material is such that there 

20 exist at the portion near the friction surfrkoe a portion having a high resin amount 
and a portion having a low resin amount or portions having resin rate of about plus 
3% or more or minus 3% or less in relation to the average resin rate. Particularly, 
the above-mentioned effects are obtained if the resin amo\mt distribution in the 
thickness direction of the lining portion of the friction material is such that there 

25 exist at the portion near the friction surface a portion having a low resin amount or 
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a resin rate less than about minus 3% in relation to the average resin rate. 

Moreover, according to test results of the inventors, the present embodiment 
of the fidction material can be specified as a friction material that has an average 
resin rate of 0% to 50% at the portion near the friction sxurface and that has a lower 
5 average resin rate than the average resin rate of the entire friction material In 
this case, it is though that the same advantageous effects are also obtained. 

Particularly, if the resin amoimt distribution in the thickness direction of the 
lining portion of the friction material is the lowest at the portion near the friction 
sur&ce, the friction material can have an extremely high heat resistance and hear 

10 spot resistance so as to be ultrahigh heat resistant. Moreover, the resin amount 
distribution in the thickness direction of the friction material is determined by the 
drying step of the friction material. Therefore, no post-treatment process is 
necessary. Consequently, the friction material can be manufactured at low costs 
and no deterioration of strength is caused thereto. Furthermore, even if a 

15 compounding rate or mixing amount of the resin of the friction material is increased 
in order to heighten the strength, the resin amount near the friction surface 
becomes less than the convention one. Consequently, it is possible to heighten the 
strength without affecting the heat resistance. 

The manufacturing method of the friction material according to the present 

20 embodiment includes a step for Iteeping low the temperature at the friction sur&ce 
while keeping high the temperature at the non-friction surface in the drying step of 
the friction material Therefore, tJie resin in the friction material has such a 
property as moving from the low temperature part to the high temperature part 
while being led by the solvent that moves to the high temperatture part and that is 

25 dried thereafter. Consequently, the resin amount distribution in the thickness 
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directiozi becom^fi the lowest at the portion near the Motion surface. Accordingly, 
the Mction material can be i^ltrabigh heat resistant while having the above- 
mentioned excellent charaf:teristics. Moreover, the present embodiment of the 
manufacturing method forms a preferable resin amount distribution in the drying 
5 step that is seen in the conventional art. Thue» it is unnecesGary to add special 
step9> so that the present embodiment of the manufacture method can be practiced 
at low costs. 

Particularly, the present embodiment has the step of drying nattirally or at a 
room temperature the two Mction materials that are overlapped on each other 

10 while faced at their Motion sur&ces (First Method). The property tests were 
carried out on the Mction materials manufactured by such step. However, the 
property is improved similarly also in case of the friction material that is 
manufactured by decreasing the resin amount near the Mction surface by making 
low the temperature at the Mction surface while making high the temperature at 

IS the non-friction surface in the dryix^ step of the Mction material (Second Method). 

The method for decreasing the resin amount near the Mction surface is not 
limited to the above two methods. A variety of other methods can be adopted such 
as a depresBimzation, a pressurization, a centrifugal separation, a one-side coating 
by a spray coating, a Up coating and a roller coating or the hke, etc. Moreovej^ 

20 while the present embodiment has been described on the resin impregnated Mction 
material, the Mction material of the invention is not Hmited to the resin 
impregnated one. The invention can be embodied into any type of Mction 
materials as long as it contains a resin as a component starting with a resin layered 
type. 

25 Particularly, in case of using a powder resin, the iaventive Mction material 
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can be sixnildrly manufactured also by a step for mixixig and kneading the powder 
resin so as to be evenly distributed when forming the friction material and making 
low the temperature at the friction surface while making high the temperature at 
the non-friction suxfiice in the drying step of the friction material Moreover, in the 
5 drying step of the friction material having such even diatribution, the power resin 
may be spread or dispersed on one face of the friction material Alternatively, the 
powder resin may be stuck to the one fece of the friction material so as to be 
impregnated therein. 

The invention is not limited to the above embodiment with respect to the other 

10 structure^ shape, nxmiber, material, dimension, relative connection or the like. The 
invention is not limited to the above embodiment with respect to the manufacturing 
method of the friction material or the other steps. 

Normally, the manuEacturmg method according to the above embodiment of 
the friction material includes the step of making low the temperature at the one 

15 surface and/or making high the temperature at the other surface in the drying step 
of the friction materiaL Then, the resin in the friction material has a 
characteristic such that it moves from the low temperature part to the high 
temperature part by being led or dragged by the solvent that moves toward the high 
temperature part to be dried. Consequently, the resin amount distribution in the 

20 thickness direction becomes the lowest at the portion near ihe one surface. 
Accordingly, the friction material becomes ultrah^h heat resistant while having the 
above described excellent characteristics. Moreover^, the present embodiment of 
the manufacturing method forms the preferable resin amount distribution in the 
conventional drying step. Therefore, additional steps are unnecessary and it can 

26 be practiced at low costs. 
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The above embodiment of the manufactuzing method of the Mctdon material 
includes the step for diying the two fidotion materials overlapped with the friction 
surfaces faced with each other and thereafter hardening the firiction materials while 
separating them or keeping them overlapped^ In this case, the solvent does not dry 
5 from the £aced friction surfaces but dries from the non-friction surface disposed 
outside. Therefore, the resin in tike friction material moves while beii^ led by the 
solvent so that the resin amount distribution in the thickness direction becomes the 
highest at the portion near the non-friction siuliace and the lowest at the portion 
near the friction surface. Accordingly, the friction material becomes the ultrahigh 

10 heat resistant and has the above excellent characteristics. Moreover, the present 
embodiment of the manufacturing method forms the preferable resin amount 
distribution in the conventional drying step. Therefore, additional steps are 
iinnecessary and it can be practiced at low costs. 

The above-mentioned manufEurturing method of the friction material makes 

15 two or more friction materials haviio^ different resin amounts overlapped and joined 
ELS one body. SpecificalLy, two or more friction materials having different resin 
amounts are formed firsts Then, the friction materials are overlapped on each 
other in an appropriately dried state before finishing drying while using at least one 
or more friction materials having a different resin amount. Then, the friction 

2X) materials are stuck to each other via a binder so as to make one body Thus, the 
resin amount distribution in the thickness direction becomes the highest at the 
portion near the non-friction material and the lowest at the portion near the friction 
material. Consequently, the friction material becomes ultrahigh heat resistant. 
That is, a friction material can be dried while making the resin amoimt less at the 

25 portion near the friction surface and mounted on another friction material before 
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dxyin^ so as to be integrally joined. As a result, the resin amount distribution in 
the thickness direction &om the firiiction surface side to the non-firiction sur&ce side 
of the fidction material becomes lower at the portion near the friction surface than 
at the portion having the highest resin amount in the thickness direction. 
Moreover, it is possible that plural friction materials be overlapped and the resin 
impregnated therein so as to form a Mction material having a non-continuous 
distribution between the faces of plural firiiction materials. 

As described above, the Mction material according to the invention has the 
resin material distribution in the thickness direction of the lining portion, namely, 
in the thickness direction firom the firiction surface side to the non-friction surface 
side. The distribution is lower at the portion near the friction sur&ce than at the 
portion having the highest resin amount in the thickness direction. In embodying 
the invention, the firiction surface and the non-friction siuface or the front and the 
rear surfaces of the friction materials that are dried appropriately in the drying step 
are joined by the binder. Thus, it is possible to make the resin amount distribution 
in the thickness direction from the friction sinrface side to the non-friction surface 
side of the friction material lower at the portion near the friction surface than at the 
portion having the highest resin amount. In this case, no post-treatment process is 
necessary. Cbnsequentiy, the friction material of tiltrahigh heat resistance can be 
obtained at low costs without deterioration of the strength. 

As described above, the resin amount distribution in the thickness direction 
from the friction surface side to the non-friction surfrice side of the friction material 
is made lower at the portion near the friction surface than at the portion having the 
highest resin amount. Consequently, the friction material improves its heat 
resistance and heat spot resistance so as to be ultrahi^ heat resistant. Moreover, 
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the resin amount distribution in the thiekaess direction is determined in tiie drying 
step of the friction material. Accordingly, no post-treatment process is necessary. 
Consequently, the friction material can be ultrahigh heat resistant at low coats 
without deterioration of strength. 
5 The resin of the above embodiment of the friction material is 20% or more 

lower at the friction sur&ce side than at the non-friction surface side in the 
embodiment of the "Aa" of Pig. 1, Therefore, the resin amount near the friction 
surface becomes lower than that near the non-friction surface. Thus, the heat 
resistance and the heat spot resistance improve very much, so that the friction 

10 material becomes ultrahigh heat resistant. However, according to the experiments 
of the inventors, even if the resin amount is 6% or more lower at the friction Bur&ce 
side than at the non-friction siufisice side, it was confirmed that the heat resistance 
and the heat spot resistance improved and that the property as the ultrahigh heat 
resistant friction material improved. As a result^ it was revealed that it was 

15 enough if the resin amount distribution in the thickness direction from the friction 
sxirfrice side to the non-friction surfeice side of the friction material was made lower 
at the portion near the friction surface than at the portion having the highest resin 
amoxmt in the thickness direction. 

Particularly^ in the above embodiment of the friction material, the resin 

20 amount is made about 5% or more lower at the friction surface side than at the 
inside of the friction materiaL Since the resin amount is lower at the portion near 
the friction surface than at the inside of the friction material. Consequently, the 
friction material is improved very much in the heat resistance and the heat spot 
resistance in the same manner as the embodiment in which the resin amount is 

25 lower at the portion near the friction surface than at the portion near the non- 
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fixation surface. As a result, the friction material becomes idtrahigh heat resistant. 
Moreover, the resin amount distribution in the thickness direction is determined in 
the dr3dng step of the friction material. Accordingly, no post-treatment process is 
necessary. Consequently; the friction material can be ultrahigh heat resistant at 
5 low costs without deterioration of strength. 

In the above embodiment^ as shown in fig. 1, the resin amount distribution in 
the friction material is continuously changed. Therefore, it is prevented that a 
mechanical stress is applied to a specific portion, 

Moreovei^ in the above embodiment, as shown in Fig. 1, the friction material 

10 that changes the resin amount distribution continuously can be manufactured as 
follows. That is» two or three or more friction materials having different resin 
amounts are formed first. Then, the friction materials are overlapped on each 
other in an appropriately dried state before finishing drying while using at least one 
or more fiiction materials having a different resin amount. Then^ the friction 

15 materials having the different resin amoimts are stuck to each other via a binder so 
as to make one body. 

In this case« the friction material changes the resin amoimt distribution in a 
discontinuous manner. However, it is possible to set a reain content rate as desired 
in the plural fiiction materials having the different resin amounts. Consequently, 

20 the friction material is improved very much in the heat resistance and the heat spot 
resistance and becomes ultrahigh heat resistant. Moreover, the resin amount 
distribution in the thickness direction can be determined by the overlapping. As a 
result, it is possible to obtain the ultrahigh heat resistant fiiction material at 
desired low costs. 

25 The above embodiment of the fiiction material is formed by impregnation of 
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the ream. That is, the temperature at the friction surface of the friction material is 
decreased while the temperature at the nozi-frictioii surface beings increased, after 
the resin is impregnated therein. Then, the resin in the friction material has such 
a property as to move from the low temperature portion to the high temperature 
portion while being led by the solvent that moves toward the high temperature 
portion and that is dried thereafter: Consequently, the resin amount distribution 
in the thickness direction becomes the highest at the portion near the non-frriction 
surface and the lowest at the portion near the friction surjBace. Therefore, the 
friction material can be easily manufisictured at low costs. 

According to the experiments of the inventors, with respect to the resin 
amount distribution in the thickness direction of the above embodiment of the 
friction material, if the resin amount is about 1% lower at the portion near the 
friction surface than the average resin rate, the resin amoxmt becomes lower at the 
portion near the friction surface than the inside of the friction material or the 
portion near the non-friction 8xu*£su». Thus, the friction material is vexy much 
improved in the heat resistance and the heat spot resistance so as to be ultrahigh 
heat resistant. Moreover, the friction material can be ultrahigh heat resistant at 
low costs without any deterioration of strength. 

The present embodiment of the manufacturing method of the friction material 
can be practiced such that it includes the step for making low the temperature of 
the one sur&oe and/or making high the temperature of the other sur&ce in tihe 
drying step of the friction material. The resin in the friction material has such a 
characteristic as to move from the low temperature part to the high temperatxire 
part while dragged by the solvent moving toward the high temperature portion so 
as to be dried. Then, the resin amount distribution in the thickness direction 
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becomes the lowest at the portion nddr the one surface. Accordingly, the Motion 
material becomes xiltrahigh heat resistance while having the above excellent 
characteristics. Moreover, the present embodiment of the manufacturing method 
forms the preferable resin amotuit distiibutipn in the conventional drying step^ 
5 Consequently, no additional steps are necessary. As a result, it can be practiced at 
low costs. 

The present embodiment of the manu&cturing method of the Mction material 
includes the steps for drying two firiction materials or two or more friction materials 
with the firiction surfaces thereof overlapped with each other and then hardening 

10 the friction materials at a high temperature while separating them or keeping them 
overlapped. In this case, the solvent does not dry from the friction surface faced 
and confronted to each other but dries from the non-friction surface that is located 
outside. Therefore, the resin in the friction material moves while dragged by the 
solvent. Thus, the resin amoxmt distribution in the thickness direction becomes 

15 the highest at the portion near the non-friction surface and the lowest at the portion 
near the friction sjxrface. Moreover, the present embodiment of the manufacturing 
method forms the preferable resin amount distribution in the conventional drying 
step. Consequently, no additional steps are necessary. As a result, it can be 
practiced at low costs. 

20 The present embodiment of the manufacturing method of the friction material 

includes the steps for additionally impregnating the resin into one surface of the 
friction material in the step of impregnating the resin in the friction material, 
disposing the side, to which the resin is additionally impregnated, of the friction 
materials toward outside and drying the friction materials at a predetermined 

25 temperature condition while giving a centrifugal force in its thickness direction. 
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Consequently, it is possible to make the resin ampimt distribution in the thickness 
direction from the friction surface side to the non-friction surface side at the side to 
which the resin is additionally impregnated lower at the portion near the friction 
surface than at the portion having the highest resin amount in the thickness 
5 direction. 

FigT- 5 is an explanatoxy drawing showing a specific example of the 
manufacturing method of the friction material according to the embodiment of the 
invention. 

In the present embodiment of the manufacturing method of the friction 

10 material, a friction material 10 is impregnated with a resin. Next, in a drying step 
of the friction material 10, the friction material 10 is disposed on a support 51. 
Then, the support 51 is mounted on a rotation drum 50 via an engagement means 
52. Thereafter, the rotation drum 50 is rotated to give a centrifugal force to the 
friction material 10 in the thickness direction. At the same time, the friction 

15 material 10 is dried at a predetermined temperature condition. Therefore, the 
resia amount distribution in the thickness direction from the friction surface side to 
the non-friction sur&ce side of the friction material 10 can be made lower as desired 
at the portion near the friction surface than at the portion having the highest resin 
amount in the thickness direction depending on the temperature condition and the 

20 centrifugal force. Alternatively, the drying step of the friction material 10 may 
include a step for drying the firiction material 10 at a predetermined temperature 
condition while making a side havii^ a larger viscosity resin of the friction material 
10 disposed outside and giving a centrifugal force thereto in the thickness direction. 
In this case, the resin amount distribution in the thickness direction from the 

25 friction surface side to the non-friction surface side of the friction material 10 can be 
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made lower as desired at the portion near tlie ficiction Burfiace than at the portion 
having the highest resin amount in the thickness direction depending on the 
viscosity condition, the temperatiire condition and the centrifugal force in the front 
and the rear sides of the £cxction material 
5 While the ahove emhodiments are described on the premise that the friction 

material is two-dimensionally processed, the three-dimensional process is possible 
as shown in Fig. 5. 

Fig. 6 is an explanatory drawing showing another specific example of the 
manufacturing method of the friction material according to the embodiment of the 
10 invention. 

Specifically, the friction material 10 is disposed on a center of a rotation bed 60 
that rotates^ at a predetermined rotation speed at the time of drying the friction 
material 10 at a predetermined temperature condition. Thus, the resin amount 
distribution at a peripheral portion of the friction material 10 becomes high by a 

15 centrifugal force thereofl Accordingly, in addition to the above-mentioned 
embodiments, the resin amount distribution becomes high at the peripheral portion 
of the friction material 10. Consequentiy, it is possible to obtain a mechanical 
strength in such a direction as to enlarge a couple of force corresponding to a load- 
As a resxilt, the friction material has a stable strength. 

20 That is, when the friction material 10 is cut along a diameter that is the 

largest length thereof, the resin amount distribution changes two-dimensionaUy in 
a width direction and a thickness direction in its cross-section. For example, in the 
embodiment of Fig. 6, such two-dimensional change in the resin amount 
distribution means that the resin amount distribution is made higher at the outer 

25 peripheral portion than the central portion. Moreover, the resin amciuit 
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distributioa change can be obtained as desired according to the thickness of the 
firiction material 10, the centrifugal fbrce^ the temperature and the resin viscosity: 

The preferred embodiments described herein are iQustrative and not 
restnctive, the scope of the invention being indicated in the appended claims and all 
5 variations which come- within the meaning of the dlaims are intended to be 
embraced therein. 



I 



-27- 



